Introduction
Ectopic pregnancies, with an occurrence of 1%-2% of pregnancies, usually occur in fallopian tubes and are a major cause of maternal death in the first trimester (1, 2) . Several risk factors, including smoking, infection of chlamydia trachomatis and Neisseria gonorrhea, surgery history, and in vitro fertilization, have been reported previously (3, 4) . However, the underlying molecular mechanisms responsible for the occurrence of tubal pregnancy remain largely elusive.
Embryo implantation is a complex physiological process and regulated by many factors. Leukemia inhibitory factor (LIF) is a polyfunctional cytokine of the interleukin-6 (IL-6) cytokine family; a cycle-dependent peak of LIF expression is observed in the mid and late secretory phase. This is also the timepoint when blastocyst implantation occurs and suggests an important role for LIF in human implantation (5) . Some studies have shown that LIF plays an important role in pregnancy maintenance. LIF can facilitate the implantation and promote the development of blastocyst in a time-/dose-dependent manner (6) . Senturk proved that LIF is required for implantation in the mouse and monkey (7) . Previous reports have revealed that loss of LIF expression in mice had no effect on fertility, but led to the failure of receiving either LIF-positive or LIFnegative embryos (5, 8) . From this observation, some may deduce that overexpression of LIF in the fallopian tubes may facilitate the implantation of embryos into oviduct tissues, thus leading to tubal pregnancy. However, the contribution of LIF expression to the pathogenesis of tubal pregnancy is still under debate (9-11). Ji and Keltz showed an increased expression of LIF in fallopian tubes from women with tubal pregnancy compared to nonpregnant women (9, 10) , while Kiran revealed that there was no significant difference in LIF expression between the tubal pregnancy group and early eutopic pregnancy group (11) . Although the results are contradictory, their control groups were different from each other, which may have had an effect on their conclusions.
Leukemia inhibitory factor receptor (LIFR) is a specific receptor of LIF and has been implicated in multiple physiological and pathological processes, including embryo implantation, orthodontic tooth movement, and cancer development (12) (13) (14) (15) . However, its role in tubal pregnancy, to the best of our knowledge, is still unknown. The present study aimed to explore the association of tubal pregnancy occurrence with the expression of LIF and LIFR in fallopian tubes from women.
Materials and methods
We collected tubal samples from women in a nonpregnant group, who asked for tubal ligation (NP group, n = 11); an intrauterine pregnancy group, who underwent uterine cesarean delivery and tubal ligation, as well as 1 case of early pregnancy abortion and tubal ligation (IP group, n = 12); a contralateral normal side of tubal pregnancy group, who experienced an ectopic pregnancy resection of the fallopian tube and a contralateral tubal ligation (Ect-N group, n = 31); and an affected side of tubal pregnancy group (Ect-A group, n = 40). Since chronic salpingitis is a major contributor to tubal pregnancy, 2 additional groups were also included in our study, with the hope of providing new insights into the underlying mechanisms responsible for the occurrence of tubal pregnancy: a chronically inflamed secretory phase group (Inf-S group, n = 11) and a chronically inflamed proliferative phase group (Inf-P group, n = 9) who underwent tubal resection for hydrosalpinx. Details and case data about the control group (NP and IP) are shown in Tables 1 and 2 
Immunohistochemistry analysis
LIF antibody (Sc-1336) and LIFR antibody (Sc-659) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Immunohistochemical assay was performed using Histostain-Plus IHC Kit (ZSGR-Biotech, Beijing, China) according to the manufacturer's instructions. Semiquantitative analysis was carried out as follows. The percentage of positive cells was divided into 5 groups: 0, 0%; 1, 1%-10%; 2, 11%-50%; 3, 51%-75%; and 4, >75%. Additionally, a scale from 0-3 (no staining to strong immunoreactivity) was assigned to staining intensity. Immunoreactive scores, ranging from 0 to 12, were calculated by multiplying the percentage score and the immunoreactivity score. Five visual fields of each clinical sample were randomly measured under a microscope using 10 × 40 lenses.
Statistical analysis
The Kruskal-Wallis (KW) rank test was used to assess the statistical difference between groups. Our pairwise comparison of parameters was calculated with the Bonferonicorrected Mann-Whitney test. The criterion P < 0.05 was considered statistically significant. 
Results

Detection of LIF and LIFR by immunohistochemistry
We probed the differential expression of LIF and LIFR in fallopian tubes among the NP group (n = 11), the IP group (n = 12), the Ect-N group (n = 31), the Ect-A group (n = 40), the Inf-S group (n = 11), and the Inf-P group (n = 9) as illustrated in Figures 1A-L. 
Semiquantitative analysis
Differential expression of LIF in epithelial cells of fallopian tubes
Our results showed that there was no significant difference in LIF expression in the epithelial cells of oviduct tissues between the control group (including the NP and IP groups) and the tubal pregnancy group (including the Ect-N and Ect-A groups) (Figure 2A , P > 0.05). However, interestingly, LIF expression was significantly elevated in chronically inflamed fallopian tubes (both Inf-S group and Inf-P group) compared to the other groups ( Figure 2A , P < 0.05).
Differential expression of LIF in stromal cells of fallopian tubes
In stromal cells of fallopian tubes, LIF expression was remarkably increased in chronically inflamed fallopian tubes (both Inf-S group and Inf-P group) compared to the other groups ( Figure 2B , P < 0.05), and modestly increased expression of LIF was observed in the IP group compared to the NP group, Ect-N group, and Ect-A group ( Figure 2B ).
Differential expression of LIFR in epithelial cells of fallopian tubes
In the epithelial cells of fallopian tubes, LIFR expression level was highest in the chronically inflamed group (including the Inf-S and Inf-P groups), followed by the tubal pregnancy group (including the Ect-N and Ect-A groups), while the control group (including the NP and IP groups) had the lowest ( Figure 2C , P < 0.05).
Differential expression of LIFR in stromal cells of fallopian tubes
Contrary to epithelial cells, LIFR expression in stromal cells was gradually decreased among the control group (including the NP and IP groups), the tubal pregnancy group (including the Ect-N and Ect-A groups), and the chronically inflamed group (including the Inf-S and Inf-P groups) ( Figure 2D , P < 0.05). The differential expression of LIF and LIFR in the epithelial/stromal cells of fallopian tubes is shown in Table 3 .
Discussion
Previous studies have revealed that a number of cytokines, including LIF and LIFR, could influence the microenvironment of the fallopian tubes, thus facilitating the implantation of the embryos (16) . We detected the differential expression and localization of LIF and its receptor LIFR in fallopian tubes from various physiological and pathological groups, including a nonpregnant secretory phase group, an intrauterine pregnancy group, a contralateral normal side of tubal pregnancy group, LIFR, indicating a causal relationship between elevated expression of LIFR and implantation of blastocysts in fallopian tubes. The disturbed microenvironment resulting from LIFR alteration might be one of the factors contributing to ectopic pregnancy. It is interesting to note that LIFR was significantly increased in stromal cells from the normal group compared to the tubal pregnancy and chronically inflamed groups, while both LIF and LIFR were expressed at a low level in the epithelial cells from the control group. This suggested that a high expression of LIFR in stromal cells and low expression of LIF and LIFR in epithelial cells might be beneficial for the blastocyst to go through the fallopian tubes, finally succeeding in an intrauterine pregnancy.
Chronic inflammation in fallopian tubes is a major risk factor for ectopic pregnancy. However, it remains to be seen whether the alterations of tubal anatomical structure or the changes of tubal microenvironment contributed to increased incidence of tubal pregnancy. It has been found that tubal pregnancy is usually implanted in a portion of the tube distal to the salpingitis isthmica nodosa (SIN), indicating that mechanical entrapment of the morula is not the mechanism whereby SIN causes tubal gestation. It may be that it is SIN itself or associated tubal anomalies that may be responsible for dysfunction of the tubal transport mechanism without anatomic obstruction (17) .
Our study revealed that both LIF and LIFR are overexpressed in epithelial cells from the chronically inflamed group. In stromal cells, LIF expression was increased while LIFR expression was decreased, probably because LIF gene expression can be induced by several proinflammatory agents, e.g., lipopolysaccharide (18) , IL-1, and IL-17 (19) , or caused by higher tubal LIF and LIFR production, thus providing a more favorable milieu for ectopic implantation. These findings might provide a link between salpingitis and ectopic implantation.
Furthermore, our tube samples were collected from nonhomogeneous groups in gestational ages that might influence LIF and LIFR levels, but LIF secretion by decidual explants derived from women with early ectopic pregnancies between days 35 and 76 all showed high levels of LIF secretion, irrespective of the pregnancy term (20) , and LIF messenger ribonucleic acid is expressed in the fallopian tube with only slight variation during the menstrual cycle (9) . Estradiol and progesterone did not modulate LIF expression in epithelial or stromal cell cultures (9) . In vitro conception, estradiol, progesterone, and medroxyprogesterone acetate have been reported to lack an effect on endometrial stromal cells (21) . These data would explain why stromal LIF expression is not cycledependent (22) . For ethical reasons our NP group tube samples were mostly collected from women undergoing resection of uterine fibroids and tubal ligation, who were older than the women in the IP and EP groups; age might influence LIF and LIFR levels.
In conclusion, aberrant expression of LIF and LIFR in fallopian tubes might be associated with tubal pregnancy occurrence. Ectopic implantation was caused, at least partly, by local elevated expression of LIF and LIFR in fallopian tubes stimulated by chronic salpingitis. 
